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PROVISIONAL SPECIFIGATIOrr 

Improvements in or relating to Sound Recording and 
Reproducing Systems . 



We, Ian Irvine Boswkll, a British. 
Subject, of Crawley Orange, ITewpurt 
Pagnell, Buckingnamshire, * Gbohqe 
Victor Planer, a British Subject, of 119, 
6 Lanfidowne Hoad,^ London^ W.ll, and 
ITelix Ernest Planer, a British Subject, 
of Addison Electric Company, Limited, 
of 168, Holland Park Avenue, KensingT- 
ton, London, W.ll, do hereby declare 

10 the nature of this in-vention to be as 
f oILowB : — 

This invention relates to methods and 
apparatus for the recording of sound and 
for the reproducing of the sound records 

15 and of the sound. 

According to a feature of the invention 
a dielectric material the permittivity of 
which undergoes a permanent change as 
a result <jf the application of an electric 

20 iieid is passed through an electric £eld 
which is varied in accordance with the 
•sound to be recorded. 

According to a further feature of the 
invention a dielectric material having a 

26 sound record impressed thereon in the 
form of changes of permittivity of the 
material is passed between ' condenser 
plates 80 as to vary the capacity between 
these and the resulting capacity changes 

80 are used for the reproduction of the 
sounds, recorded, 

According to a still further feature of 
the invention a record of dielectric 
material having a sound record impressed 

30 thereon in the form of changes of permit- 
tivity of the material is passed between 
condenser plates so as to vary the capacity 
between these and the resulting capacity- 
changes are used to produce current, volt- 

10 age or frequency changes which are 
caused to vary an electric field in accord- 
ance with the changes and a dielectric 
material the permittivity of which under- 
goes a permanent change as a result of 

45 the application of an electric field is 
passed through the varying electric field 
to reproduce the sound record. 

As the dielectric material to be used 
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according to the invention, fired ceramic 
materials may be used similar to perov- 
skite and having the general chemical 
formula A++, O,, where A may 

be for instance, barium, calcium^ stron* 
tium, magnesium or lead and B maybe 
tita.nium or zirconium. Mixed titanates 
or combinations of titanates and 
zirconates have been found to be particu- 
larly suitable. 

Permanent changes of the permittivity 
of these types of materials may be efEected 60 
bj the application of a strong imidirec- 
tional electric field. 

The dielectric material may be incor- 
porated in a carrier consisting of a thread, 
tape or disc or applied in the form of a CD 
coating to a carrier consisting of a tape, 
wire or disc. The thread, tape or disc in 
the first case may consist of a thermoset- 
ting or thermoplastic resinous material 
incorporating a finely divided ceramic as 70 
a finely dividiBd suspension' and the tape, 
wire or disc in the second case, may be 
coated with the finely ground ceramic by 
using a suitable binder such as an insulat- 
ing varnish or resin. The tape, wire or 75 
disc may be of metal. 

For the purpose of making a record the 
carrier impregnated or coated with thD 
dielectric material is passed through a 
strong electric field upon which the sound 80 
m odu lation to be. recorded is superposed. 

While it is contemplated that an ampli- 
tude type of modulation may be used, the 
invention is particularly suitable for a 
pulse type of modulation of the electric 86 
field such as that described in oxir 
copending Application No. ' 24237/47 
(Serial No. 644,432). ' 

When the. sound record has been pro- 
duced play-back may be effected by pass- 
ing the carrier of the treated recording 
medium between the electrodes of an elec- 
tric condenser acted upon by a constant 
voltage, when as a result of the changes 
of permittivity along the carrier a cur- 
rent varying in accordance with the 
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capacity of the condenser nnd lience in 
accordance witli the reorded frequency 
modulation is obtained in the circuit 
T^hich includes the condenser. In an 
5 alternative arrangement the condenser 
may form part of a resonant circuit, the 
frequency of .resonance of which varies in 
accordance with the capacity of the con- 
denser, 

10 In the case of a metal carrier material 
it will be appreciated thn.t the metnl mny 
be used as one plate of the condenser suit- * 
able connections being- provided. 
As previously mentioned once n sound 

16 record has been obtained this can be used 



for providing duplicate records by pass- 
ing the first record in between condenser 
plates and using the current, voltage or 
frequency variations in the circuit 
including the condenser for modulating 20 
an electric field through which a f urtlier 
carrier suitably impregnated or cooted 
with the special dielectric material is 
passed. 

Dated this 21st day of August, 1947. 
POLLAK, MERCER & TEXCH, 
Chartered Patent Agents, 
. 134, Cheapside, London, E.C.2, 
Agents for the AppHcantR. 



COMPLETE SPECIFICATION 
Improvements in or relating to Sound Recording and 
Reproducing Systems 



26 We, Ian iR^awE Bosivell, a. British 
Subject, of Crawley Grange, Newport 
Pagnell, Buckinghamshire, Qbobge 
VicTou Plaihse, a British Subject, of 119, 
Lansdowne Road, London, W.ll, and 
80 Felts: ER^'EST Planeh, a British Subject, 
of Addison Electric Company, Limited, 
of 163, Holland Part Avenue, ILensing- 
ton, London, W;I1, do hereby declare 
the nature of this invention and in what 
S6 manner the same is to b& performed, to 
be particularly described and ascertained 
in and by the following statement : — 

This invention relates to methods of and 
apparatus for recording sound, for repro- 
40 ducing sound from such sound records and 
for copying such sound records. 

Certain a i electric materials are Imown 
which exhibit ferroelectric properties. 
The term ferro-electric materials" 
46 hereinafter used refers to materials which 
show spontaneous polarisation in an elec- 
tric field and which are composed of 
domains or polar groups which are 
capable of reorientation. Examples of 
50 such materials are barium titanate and its 
solid solutions, with n number of related 
compounds. Such materials possess 
crystalline structures of the perovskite 
type and have exceptionally high values 
56 of permittivity. When subjected to an 
electric field of suitable intensity per- 
manent changes in the values of pennit- 
tivity of such materials take place and 
this IS believed to be due to the reorienta- 
60 tion of the said domains or polar groups. 
AocordiiLg to the broadest aspect of the 
invention a method of recording sound 
comprises the steps of forming a carrier 
body of ferroelectric material as herein 
.66 defined and of a character such that its 
permittivity value ma^ be permanently 
changed as the result of the application 
of .an appropriate electric field, and then 



passing successive localized areas of such 
carrier body along a chosen recording 70 
path through said electric field while the 
latter is varied in accordance witli the 
sound to be recorded. 

According to another feature of the 
invention a Dpdy of or containing a ferro- 7B 
electric material as herein defined having 
a sound record impressed thereon in the 
form of changes of permittivity of such 
ferro-electric material is passed between 
the opposing electrodes of a- condenser so go 
as to vary^the capacity therebetween and 
the resulTing capacity chnuffes used for 
the reproduction of the recorded sound. 

According to a further feature of the 
invention a body of or containing a ferro- gK 
electric material as herein defined having 
a sound record impressed thereon in tije 
form of changes of permittivity of .-such 
ferro-electric material is passed between 
the opposing- electrodes of a condenser so 90 
as to vary the capacity therebetween nud 
the resulting capacity changes used to 
produce current, voltnsre or frequency 
changes which are causeS to vaiy nn eler.-- 
trie field in accordance with such changes, §§ 
a ferroelectric material the permittivity 
of which undergoes a permanent change 
as a result of the aj}plication of an elec- 
tric field being siuuiltaneously passed 
through such varying electric field to pro- iqC 
duce a copy of the original sound record. 

For the ferroelectric material to be 
employed it is proposed to use fired cera- 
mic materials similar to perovskite^ and 
having the general chemical formula ID'S 
At"*-' B^-*-^-^^ 0„ whereAmaybTfcr 
instance barium, calcium, strontium, ' 
magnesium or lead and B mnv be 
titanium, zirconium, cerium, tin and the 
hire. Solid solutions of different titanates HQ 
or of titanates with other compounds 
possessing crystal structure of the perov- 
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skite type have been found to be parti- 
cularly Buitable. , - 

Permanent changes of the perjnittivity 
of tiieee types of materialB may be 
6 ettected by the application of a stronff 
■ unidirectional electric field. 

^ The ferroelectric material may be 
mcorporated in a carrier consisting of a 
in i^^^^^'- *^P® or <iisc or applied -in th^ 
la lorm of a coating to a carrier consiBtinff 
of a tape, wire or disc. The thread, tape 
or disc m the first cose may consist of a 
thermosetting or thermoplastic resinous 
material . incorporating a finely divided 
16 ceramic as a finely divided suspension and 
the tape, wire or disc in the second case 
mq-y be coated with the finely ground 
ceramic by using a suitable binder such 
as an insulating varnish or resin. The 
20 tape, wire or disc may be of metal. 

•nHf features of the invention 

will be more readily understood from the 
iollowing description of a number of 
embodiments ^iven by way of example 
26 and with reference to the accompanyint' 
drawing wherein : — 

Fig. 1 is a schematic diagram of a 
sound recording arrangement according 
to the invention, 
80 Fig. 2. is a similar schematic diagram 
of a sound reproducing arrangement 
according to the invention. 

Fig. 3 is a similar schematic diagram 
of a sound record copying arrangement 
OD accordinff to the invention. 

Fig. 4 is a schematic diagram of a 
modification applicable to either of the 
arrangements of Pig. 2 or 3. 

Fig. 5 is a sectional view showing one 
sQ form of record body construction. 

Fig. 6 is a view similar to Fig. 6 of 
another form of record body construction 
Referring first to Fig, 1, which shows 
^ «^ sound recording arrangement, the 
€5 "record body 10 consisting of or including 
n ferroelectric material having the afore- 
said poperty that its permittivity may be 
permanently changed as the result of the 
application of a suitable electric field, is 
60 arranged to be moved by means of a 
driving roller couple 11, IS driven by a, 
preferably constant speed, motor 13. The 
body 10, in its travel, passes between a 
first electrode 14 and a oounterelectrode 
66 15 of a condenser whereby* the ferro- 
electric material forms a major part of 
the total dielectric subjected to any 
ekctric field existent between the 
electrodes. 

60 The electrodes 14, 15 are connected by 
way of choke-coils or other suitable 
impedances 16, 17 to a source of D.C. 
potential 18 and nlso to the output circuit 
of a voltage amplifier 19 whose input 

OD circuit is energised by an electro- acoustic 



transducer, e.g. a .microphone 20 sub- 
jected to the sounds wlSch are to be 
recorded. 

The D.C, potential source 18 serves to 
^ovide an electric field between the elec- 70 
trodes 14, 15 sufficiently strong to effect 
a pennanent change in the permittivity of 
w 5 ^^"'oelectric material of the record 
body 10, the sound jnodulations of output 
from the amplifier 19 being superposed 75 
thereon to cause variation of the changed 
permittivity value from place to placa 
along the record body 10 in accordance 
u on ^^^^^ effective Upon the micro- 
pJione 20, as such body is moved cohtinu- 80 
0^117 oot^een the condenser electrodes. 

Fig. 2 shows a reproducing or play-back 
arrangement in which the record body 10 
carrying the sound record imprcBsed 
thereon as changes of the permittivity 85 
value of the ferroelectric material thereon 
or therein from place to place, is arranged 
to be moved by means of a driving roner 
couple 21, 22 driven by a motor 28 
between a first electrode 24 and a counter^ 80 
electrode 25 of a condenser so as to con- 
stitute a major part of the total dielectric 
subjected to any electric field between the 
opposing electrode surfaces. 

Connected across the electrodes 24, 25 95 
18 a series arrangement of a source of con- 
stant voltage 26 and a resistor 27.. The 
voltages developed ' across the latter are 
applied to the input of an amplifier 28 
whose output is fed to a suitable electro- inn 

In the operation of this arrangement 
tlie Trariation of capacity between the 
electrodes 24, 25 occasioned by the varia- in*; 
tion of peruuttivity of the record body 10 
at different olaces thereof passed between 
the electrodes, causes a current flow 
through the resistor 27, such current flow 
being variable m accordance with the no 
originally recorded sound. The resultant 
changes in potential across the resistor 27 
are likewise in accordance with the 
recorded sound and. after ampUfication, 
serve to operate the loudspeaker 29 n it 

In the record copying arrangement 
shown rn Pig. 3 the section A is substan- 
tially identical with the reproducing 
arrangement described above with refer- 
ence to Fig. 2 with the exception that ion 
the amplifier 28, instead of or In addition 
LSij'i'iF * loudspeaker, energises an 
amplifier 19 of an arrangement B which 
19 otherwise substantially similar to the 

o!fk J ^•.1.^"'''?^^^^^* previously dee^ lo/; 
en bed with reference to Pig 1 if a 
number of copies are required to .be 
made simultaneously, further recording 
arraim-ements as indicated at C may be 
supplied m parallel from the amplifier 130 
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28. The maiinBr of operation will be self- 
evideat in view of the previouB des- 
cription. 

InBtead of utilising tlie rtiriations of 
5 capacity set up betxreen the electrodes 24, 
25 of Fig. 2 or Fig. 3 in tbe manner 
previously described, sucli condenser may 
form part, of a resonant circuit Trlios.e fre- 
quency of resonance is varied in nccord- 

10 ance vrith tbe recorded sound. One sucii 
modificntion is shown in Fig. 4, where 
the electrodes are connected in parallel 
with an inductance 30 aiid a trimmer con- 
denser 31. The resonant circuit consti- 

16 tuted by the inductance 30 and condenser 
31 and' condenser electrodes 24, 25 is 
arranged ns the frequency controlling 
circuit of an oscillator 32 the output of 
which is then applied to n frequency- 

20 discriminator circuit 33, e.g. of the 
Foster-Seelesy type, whereby an ampli- 
tude modulated output corresponding* to 
the original recorded sound is obtained 
alfter the manner of conventional F.AI. 

26 signal receivers. 

If desired the resonant circuit 30, 31, 
24, 26 may be arranged as part of the 
modulator of an F.M. radio or carrier 
transmitter for eventual reproduction of 

80 the recorded sound after trnnsmii^sioii to 
u distant point. 

While it IB contemplated that on ampli- 
tude type of input sound j^iodulation may 
used for the initial recording, the 

86 invention is. however, particularly suit- 
a ble for a. pulse type of modulation of the 
electric field such as that described in our 
co-pending Application No. 24237/47 
rSerial No. 644,432). 

40 Fig. 5 illustrates one form of record 
body in which a mass 40 in the. form of 
a. thread, tape or disc, of thermosetting or 
thermoplastic resinous material has incor- 
pornted therein finely divided particles 41 

46 of a suitable ceramic material as pre- 
viously referred to. ^ 

In the alternative construction of Fig. 
() the carrier or body 42, again'in the form 
of a thread, tape or disc, is separately 

^0 coated with finely divided particles 41 of • 
the ceramic incorporated in a suitable 
binder material 43, such as an insulating 
varnish or resin. 

The body 42 of this embodiment may 

65 be of insulating material as before, but 
is more prefernoly of metal. The body 
can then be used as the counter-electrode 
and the use of n separate electrode as pre- 
viously described, dispensed .with by 
60 merely arrang:ing for the recmisite elec- 
trical "connection to the. metnl body, as by 
the roller 44 of Fig. 6. 

Having now particularly described and 
iiscertained the nature of our said inven- 
65 tion and in what manner the same is to 



• be performed, we declare that what we 
claim is: — 

1- A method of recording sound or other 
transitory phenomena which comprises 
the steps of forming a carrier body of 70 
ferroelectric material as ht^rein defined 
and of a character such that its T)ermit- 
tivity value may be jiernianently changed 
as the result of the application of an 
appropriate electric field, and then pass- i5 
ing ■ successive localised areas of such 
carrier body along a choseii recording 
path through said electric field while the 
latter is varied in accordance with the 
sound to be recorded. W 

2. A method of reproducing sound 
recorded in the form of changes of per- 
mittivity at different parts of a body of 
ferroelectric material as herein defined in 
which such ferroelectric material is C5 
passed between a condenser electrode and 
u counter-electrode so as to vary the 
cajiacity therebetween and the resulting 
capacity changes used as a controlling 
medium for further sound reproducing 80 
apparatus. 

'13. A method of copying n sound record 
impressed in the form of changes oi per- 
mittivity at different parts of a body of 
ferroelectric material as herein defined 
wherein such ferroelectric material is 
passed between a first condenser electrode 
and a counter-electrode, so as to vary the 
capacity therebetween and the resxuting 
capacity chnngeu used as n controlling 100 
medium for appai^atus adapted to provide 
n controlled variation of an electric field, 
and wherein a ferroelectric material, 
having the propertv that its permittivity 
may be permanently changed as a result 106 
of the application of an electric field, is 
passed through such varying electric 
field to ]^roduc& n copy of the first sound 
record. 

4. Apparatus for recording sound by I1C 
the use of a ferroelectric material as 
herein defined whose permittivity may be 
permanently changed as a result of the 
supplication of an appropriate electric 
. field, which comprises a first condenser 116 
electrode, a second condenser electrode, 
means for conveying a body of said ferro- 
electric material between said first and 
second electrodes and apparatus, con- 
trolled "by the. sound wliich is to be 120 
recorded, for producing between said elec- 
trodes an electric field which is variable 
in accordance with such sound. 

0. Apparatus for reproducing sound 
from a recording in the form of changes J25 
of permittivity at difierent parts of a body 
of ferroelectric material as herein defined 
wiiich comprises a first condenser elec- 
trode, a second or counter-electrode, 
means for conveying the record body of 130 
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dielectric material between said firat aad 
■secojid- electrodes and apparatus, respon- 
sive to -variation of tlie capacitance oi the 
condenser conatituted by said first and 
b second electrodes for providing^ an output 
current suitable for operating an electro- 
acoustic tranaducer to reproduce said 
recorded sound. 

^' A^P^^^*^^ making a copy of a 
10 sound record impresBed m the form of 
changes of permittivity at different parts 
of a body of ferroelectric material as 
herein defined which comprises a first 
condenser electrode, a second or counter- 
t i^*^^ uieans for conveying the record 
body of ferroelectric material between 
said first and second electrodes, a further 
electrode and co-operating counter- 
electrode, apparatus responsive to the 
variation of capacitance of the condenser 
constituted by said first and second elec- 
trodes for providing an electric field 
between said further electrode and 
counter-electrode which is variable in 
26 accordance with said changes in capaci- 
tance at the first and second electrodes and 
means Tor conveying a further body of 
ffuitable ferroelectric material between 
OA ftirther electrode and counter- 

BO electrode sq as to be subjected to the field 
therebetween. 

7. The method or the apparatus as 
claimed in claim 2, 8, 5 or 6, wher^. the 
first and second electrodes are subjected to 
86 a constant potential difference and the 
resiiitant current flow variation used as a 
controlling medium for the further 
apparatus. 

8- The method or the apparatus as 
40 claimed in claim 2, 8, 5 or 6, wherein the 
nrst and s^nd electrodes are arranged as 
part of a resonant circuit whose frequency 
of resonance is varied in accordance with, 
the reoorded sound. 

9. The method or the apparatus as 
claimed in cTaim 8 in which such 
variable-frequeucy circuit forms part of 
an. oscillation genbraiar whose output is 
used as the cQnirolling medijom for the 

50 further apparatus. 

10. The method or the apparatus as 
dedmed in claim 0 in which said variable 
frequency oscillation output is used to 
modulate an P.M. signarl waye .trans- 

66 mitter, 

11. The method or the apparatus as 
claimed in any of the preceding claims 
wherein the record body comprises a 
thermosetting or a thermoplastic resinous 

60 material incorporating a finely divided 
ceramic ferroelectric muterial as a suspen- 
sion therein. 



12. The method or the apparatus as 
claimed in any of the preceding claims 
wherein the ferroelectric material is Go 
applied as a coating to a supporting body. 

13. The method or the apparatus as 
claijned in. claim 12 wherein said ferro- 
electric coatiag material comprises a 
hnely ground ceramic mixed with a suit^ 70 
able binder. 

14. The method or the apparatus as 
claimLed in claim 13 wherein said support- 
ing body is of metal and is adapted to 
lorm the counter-electrode of the 76 
condenser. 

16. The method or the apparatus as 
claimed in claim 11, 12, 13, or 14, wherein 
Uie lerrQeleotxic material of the produced 
record is a fixed ceramic material of the 80 
general formula B++++ 0 
where A and B are materials of the groups 
hereinbefore referred to. 

It). The method or the apparatus as 
claimed m claim 15 wherein said material 85 
comprises a solid solution of different 
titanates. 

17. The method or the apparatus as 
claimed in claim 15 wherein said material 
comprises a solid solution of one or more 90 
titanates with other compounds posBesaing 
^rystai structures of the perovskite type. 

18. The method or the ajoparatus" as 
claimed m any. of the precedmg claims 
wherem the record body is in the form of as 
a thread. . 

19. The method or. the apparatus as 
ciamied m any of the preceding claims 
wherein the recprd body is in the form of 
a tape. 

20. The method ox the apparatus as 
claimed in any of the precediAg claims 
wherein the record body is in tke form 
01 a disc. 

21. A sound record comprising a bodv InA 
of or containing a ferroelectric materi^ 
having area^ of differing permittivitv 
along a d^ed path, such d&erences of 
permittivity being in accordance with the 
recorded sound. 

22. Api>aratuB for recording sound 
reproducing recorded, sound or copvinff 
sound records substantially as described 
with reference to Mg. 1, 2 or 3 or Pie 

^ or 3 as modified by Pig. 4 of the ns 
accompanying drawings. 

Dated this 10th day of September, 1948. 

POLLAZ, MEBCER & TENCH, 
1 o^°^^"®4,2*atent Agents, 
134, Oheapside, London, E.0.2, 
Agents for the Applicants. 
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